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%PiTg)Ni . 5.0 %Pi T(PCu . 4.0 

Pii:g)0.5 -8.0 %.>:s 4.0 %PiTg)Ag. 
Ti CD^-^O — lii^^l^t3::iMg>0.3 — 
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i. Q % 5.0 --9S.o%t;^Cr inn 
%PiTg)Mo . r), Q %pi-Fg)Si co-it:. 

<D N t . 1.5 3^ i;i T (7^ M n . 7.0 D| ^ 

^ W . V . 1 . 0 -F CD N h , T ■ 

0.5?^PiTg)2r. Hf. Bg>-ofi(n~ 

CA) 800 - 1 i>nn r sac -g 5 ^ 600 

650 ^12n9'r ^-T^i^^l^pi , 

a ;» ^ 50 -c y nj! (7) /g Pi }- ? 
300 xUT<Dm.f^'^Ti^ n\Lf^i^. 
( B ) 350 -^6$n ' c (D^ry? s -^i?nn 

^ jOF nr ^ gjt t^ at. ^ ^ y 
r ^^^^^^^ ^ ^ttfflf ^-^^BRffi^ 
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5. aaifcT. 0.002 -0.1 %a:>Ct. 7.o' 
J^iUTONi , 5.0 H^jLTcmCxx . 4.0 % 
IJiT(Z)Co CO -7 ^ O — « JF, 5 - uij^ J. 
OO.S — 8.0 5^<5:s 4.0 %\>XT <D A & . 
Tl ®'i-6<D-«*'5VW±~«cr)0.3 ~ 
4.0 Ht^ 5.0 -ZS.OJiOCr 10.0?< 
itfiT®Mo . 3.0 $tfJ«iT®Sl flD-i &eO — 
^> - acDO. 1 —12.0%^. 0.0005 
— 0.03%CDO<i:. 0.0002 — 0.03?^ CD N i . 

(A) 800 - 1200 *0 <Oyil;S:-C 5 —600 ^ 

PtiiJjn^ftyks 650 - i200'c s T /j^^n L . -g-o 
aajb- ^,5o-c/i*iyi©aja:iii±-c3oo -cm 

C B ) 350 —650 'C ©fflffiT 5 — I200:5> 
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2. n«fi3 »2« 9 3^ 2 ff-mi0^3f| 3 ^f rDl-5Tsd<3D 
<!: to ?T IE r * . 

N. afiitT> 0.002 —0.1 Ha^Qt. 7.0 
%liiT®Ni . 5.0 %\>XTOCu . 4.0 % 

^^0.5 -8.0 4.0 %litTCDA£. 

Ti ® -P B (D—a^b ^ 11-^00.3 — 
4.0 5.0 -25.05€6DCr 10.0% 

I^TC^Mo . 3.0 %J.UTcDSi O-j-^CO — 
IS -fc -5 l> liZlllff OQ. I -12.0%^. 0.0005 
— 0.03%'(OOi. 0.0002-0.03%® N i . 

(A) 800 — I200r CD 5 -600 :^ 

W^jn^iti:. 650 - 1200X * T ^<D 
ifll5:*^*b501C /l#IBl©iaJS:l^i(±T 300 'C 1^ 

C-B ) 350 —650 *C CD aJXT 5 — 1200 
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6. aaJtT. 0.002 -O.l %6DCi:. 7.0 
%GiT®Nl . 5.0 %JsiT®Cu . 4.0 % 

0)0.5 -8.0 4.0 %PaTCDA£. 

Ti •5O-«|»*^^^^-|iCD0.3 - 

4.0 %i:s 5.0 — 25.0%<3DCr 10.0% 
l^iTCMo . 3,0 %!«(T6DSi CDti-ScJD — 
ffll CWt- 11050. 1 -12.0%is 0.0005 
— 0.03%®O<i:. 0.0002 — 0.03%® N > 
1.5 %iitT®Mn . 7.0 %^UTCDW, V. 
l.O %lUTcDNb . Ta s 0.5 % T © 
Zr . Hf . B^D•5*.cO-|fiJb^^^^±-|t 
iiiJiO'&lf 0.01-7.0 %i. 5«S15Fe <fc 

( A ) 80 0 — 1200 -C CDffletT 5 — 600 5}- 
ra^W^^i. 650 — 1200 'C XT-^iHbs * CD 
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Japanese Patent Laid-Open No. 6354/1991 

1. Title of the Invention 

Vibration absorbing alloy having high hardness and high 
damping performance, as well as manufacturing method thereof 

2. Scope of the Claim for Patent 

1. A shock absorbing alloy comprising, by weight ratio, 0.5 

- 8.0% of one or more of 0.002 - 0 . 1% of C, 7.0% or less of 
Ni, 5.0% or less of Cu and 4.0% or less of Co, 0.3 - 4.0% of 
one or more of 4.0% or less of Al, Ti, 5.0 - 25.0% of Cr, 0.1 
to 12.0% of one or more of 10.0% or less of Mo and 

3.0% or less of Si, 0 .0005 - 0.03% of O 0.0002 - 0.03% of N, 
and the balance of Fe and inevitable impurities, in which 
inter-metal compounds are precipitated in a ferritic phase, 
thereby providing high hardness and high damping performance. 

2. A shock absorbing alloy comprising, by weight ratio, 0.5 

- 8.0% of one or more of 0.002 - 0.1% of C, 7.0% or less of 
Ni, 5.0% or less of Cu and 4.0% or less of Co, 0.3 - 4.0% of 
one or more of 4.0% or less of Al, Ti, 5.0 - 25.0% of Cr, 0.1 
to 12.0% of one or more of 10.0% or less of Mo and 3.0% or less 
of Si, 0.0005 - 0.03% of 0, 0.0002 - 0 .03% of N, 0.01 - 0.7% 
in total of one or more of 1.5% or less or Mn, 7.0% of less 
of W, V, 1.0% or less of Nb, Ta, 0.5% or less of Zr, Hf, B and 
the balance of Fe and inevitable impurities, in which 
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inter-metal compounds are precipitated in a ferritic phase, 
thereby providing high hardness and high damping performance. 
3. A method of manufacturing a shock absorbing alloy in 
which an alloy comprising, by weight ratio, 0.5 - 8.0% of one 
or more of 0.002 - 0. 1% of C, 7.0% or less of Ni, 5.0% or less 
of Cu and 4.0% or less of Co, 0.3 - 4.0% of one or more of 4.0% 
or less of Al, Ti, 5.0 - 25.0% of Cr, 0.1 to 12.0% of one or 
more of 10.0% or less of Mo and 3.0% or less of Si, 0. 0005 - 
0.03% of O 0.0002 - 0.03% of N, and the balance of Fe and 
inevitable impurities, is subjected to: 

(A) heating at a temperature of 800 to 1200''C for 5 to 
600 min, then cooling down to 650 to 1200°C and cooling from 
the temperature down to a temperature of 3 00°C or lower at a 
rate of SO^'C/hr or more, thereby precipitating inter-metallic 
compounds in a ferrite phase to obtain an alloy having a high 
hardness and high damping performance. 

4. A method of manufacturing a shock absorbing alloy, in 
which an alloy comprising, by weight ratio, 0.5 - 8.0% of one 
or more of 0.002 - 0 . 1% of C, 7.0% or less of Ni, 5.0% or less 
of Cu and 4.0% or less of Co, 0.3 - 4.0% of one or more of 4.0% 
or less of Al, Ti, 5.0 - 25.0% of Cr, 0.1 to 12.0% of one or 
more of 10.0% or less of Mo and 3.0% or less of Si, 0.0005 - 
0.03% of O, 0. 0002 - 0.03% of N, 0.01 - 0.7% in total of one 
or more of 1.5% or less of Mn, 7.0% or less of W, v, 1.0% or 
less of Nb, Ta, 0.5% or less of Zr, Hf, B and the balance of 
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Fe and inevitable impurities, is subjected to: 

(A) heating at a temperature of 800 to 1200''C for 5 to 
600 min, then cooling down to 650 to 1200°C and cooling from 
the temperature down to a temperature of SOO^'C or lower at a 
rate of SO^'C/hr or more and then 

(B) heating at a temperature from 350 to 650''C for 5 to 
1200 min followed by quenching or by gradual cooling, thereby 
precipitating inter-metallic compounds in a ferrite phase to 
obtain an alloy having a high hardness and high damping 
performance. 

3. Detailed Description of the Invention 
(Industrial Field of Use) 

This invention concerns a shock absorbing alloy having 
a high hardness and high damping performance, which is used 
for mitigating vibrations, noisy sounds and noise damages, as 
a material for generation sources of vibrations, for example, 
in various types of large-scaled machines, traffic vehicles, 
electronic equipments, precision machines, home electric 
appliances, and business machines. 

(Prior Art) 

In recent years, vibrations, as well as damages caused 
by the occurrence of them and electrical noises, for example, 
in large-scaled machines traffic vehicles, electronic 
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equipments, precision machines , home electric appliances , and 
business machines, have bring about a problem. Heretofore, 
for mitigating such damages, rubbers or plastics have been used 
at the periphery of the vibration generation sources, or 
vibration absorbing alloys such as Fe-Cr based or Mn-Cu based 
material have been used for the structural materials of the 
generation sources • 

However, rubbers and plastics involve drawbacks that 
they have low mechanical strength and less heat resistance, 
and suffer from aging cracks and deformation. Further, most 
of existent vibration absorbing alloys have higher hardness 
and strength than rubbers and plastics and, therefore, they 
are used as the structural materials- However, structural 
materials when used under large stresses are insufficient for 
hardness and strength and they can not often cope with the 
situation. Further, since it is a common knowledge that the 
damping performance of the shock absorbing alloys is inevitably 
lowered when their hardness or strength is increased, alloys 
having high hardness capable of coping with high stress and 
developing high damping performance have not yet been found. 

(Means for the Solution of the Subject) 

Generally, damping performance Q"^ used for comparing of 
damping performance has a relation with the energy AE lost in 
1 cycle of vibration and the entire vibration energy E as shown 
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by the following equation: 
= l/2jr • AE/E 

That is, as the value for Q'^ is greater, amplitudes are 
reduced in a shorter time to provide higher damping effect. 

In view of the above, an object of this invention is to 
provide a shock absorbing alloy having a ferritic phase as a 
matrix in which inter-metallic compounds are precipitated 
thereby being capable of providing high hardness and high 
damping performance, in order to obtain an alloy which can 
endure high stress and have large effect for damping vibrations , 
noisy sounds and noises. 

The alloy and the manufacturing method thereof according 
to this invention have the following features. 

1. A shock absorbing alloy comprising, by weight ratio, 0.5 

- 8.0% of one or more of 0. 002 - 0 .1% of C, 7.0% or less of 
Ni, 5.0% or less of Cu and 4.0% or less of Co, 0.3 - 4.0% of 
one or more of 4.0% or less of Al, Ti, 5.0 - 25.0% of Cr, 0.1 
to 12.0% of one or more of 10.0% or less of Mo and 

3.0% or less of Si, 0 .0005 - 0.03% of O 0 .0002 - 0.03% 
of N, and the balance of Fe and inevitable impurities, in which 
inter-metal compounds are precipitated in a ferritic phase, 
thereby providing high hardness and high damping performance. 

2. A shock absorbing alloy comprising, by weight ratio, 0.5 

- 8.0% of one or more of 0.002 - 0 .1% of C, 7.0% or less of 
Ni, 5.0% or less of Cu and 4.0% or less of Co, 0.3 - 4.0% of 
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one or more of 4.0% or less of Al, Ti, 5.0 - 25.0% of Cr, 0.1 
to 12.0% of one or more of 10.0% or less of Mo and 3.0% or less 
of Si, 0 .0005 - 0. 03% of 0.0002 - 0.03% of N, 0.01 - 0.7% 
in total of one or more of 1.5% or less of Mn, 7.0% of less 
of W, V, 1.0% or less of Nb, Ta , 0.5% or less of Zr, Hf, B and 
the balance of Fe and inevitable impurities, in which 
inter-metal compounds are precipitated in a ferritic phase, 
thereby providing high hardness and high damping performance. 

3 . A method of manufacturing a shock absorbing alloy in 
which an alloy comprising, by weight ratio, 0.5 - 8.0% of one 
or more of 0. 002 - 0. 1% of C, 7.0% or less of Ni, 5.0% or less 
of Cu and 4.0% or less of Co, 0.3 - 4.0% of one or more of 4.0% 
or less of Al, Ti, 5.0 - 25.0% of Cr, 0.1 to 12.0% of one or 
more of 10.0% or less of Mo and 3.0% or less of Si, 0. 0005 - 
0.03% of O 0.0002 - 0.03% of N, and the balance of Fe and 
inevitable impurities, is subjected to: 

(A) heating at a temperature of 800 to 1200''C for 5 to 
600 min, then cooling down to 650 to 1200*^0 and cooling from 
the temperature down to a temperature of 3 0 0*^0 or lower at a 
rate of 50''C/hr or more, thereby precipitating inter-metallic 
compounds in a ferrite phase to obtain an alloy having a high 
hardness and high damping performance. 

4. A method of manufacturing a shock absorbing alloy, in 
which an alloy comprising, by weight ratio, 0.5 - 8.0% of one 
or more of 0.002 - 0. 1% of C, 7.0% or less of Ni, 5.0% or less 
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of Cu and 4-0% or less of Co, 0.3 - 4.0% of one or more of 4.0% 
or less of Al, Ti, 5.0 - 25.0% of Cr, 0.1 to 12.0% of one or 
more of 10.0% or less of Mo and 3.0% or less of Si, 0.0005 - 
0.03% of O, 0.0002 - 0.03% of N, 0.01 - 0.7% in total of one 
or more of 1.5% or less of Mn, 7.0% of less of W, v, 1.0% or 
less of Nb, Ta, 0.5% or less of Zr, Hf, B and the balance of 
Fe and inevitable impurities, is subjected to: 

(A) heating at a temperature of 800 to 1200°C for 5 to 
600 min, then cooling down to 650 to 1200°C and cooling from 
the temperature down to a temperature of 30 0**C or lower at a 
rate of 50''C/hr or more and then 

(B) heating at a temperature from 350 to 650°C for 5 to 
1200 min followed by quenching or by gradual cooling, thereby 
precipitating inter-metallic compounds in a ferrite phase to 
obtain an alloy having a high hardness and high damping 
performance . 

(Function) 

It has been known that binary inter-metallic compounds 
such as Ni3Al, Ni^Ti, Cu3Ti and CO3AI have high hardness. 
However, they have an extremely low damping performance Q"^ as 
about 1 - 3 X 10"^ like usual alloys and, in addition, they are 
brittle making it impossible for cold working and the tensile 
strength is also rather small. 

On the other hand, polynary alloys such as Fe-Cr, Fe-Mo, 
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Fe~Co and Fe-W based materials have been known as shock 
absorbing alloys showing high damping performance. However, 
Vickers hardness of such alloys is about 130 to 180, which is 
not so high. 

In view of the above, this invention provides a shock 
absorbing alloy having a high hardness capable of coping with 
high stresses and having high damping performance by forming 
a f erritic phase for the alloy substrate in which pseudo binary 
inter-metallic compounds, by weight ratio, 0.5 - 8.0% of one 
or more of 0 .002 - 0 . 1% of C, 7.0% or less of Ni, 5.0% or less 
of Cu and 4.0% or less of Co, 0.3 - 4.0% of one or more of 4.0% 
or less of Al, Ti, 5.0 - 25.0% of Cr, 0.1 to 12.0% of one or 
more of 10.0% or less of Mo and 

3.0% or less of Si, 0.0005 - 0. 03% of O, 0.0002 - 0.03% 
of N, and, further, the balance of Fe and inevitable impurities, 
and an alloy with further addition of 0.01 - 7.0% in total of 
one or more of 1.5% or less of Mn, 7.0% of less of W, V, 1.0%' 
or less of Nb, Ta, 0 . 5% or less of Zr, Hf , B, in which inter-metal 
compounds are precipitated in a f erritic phase. 

In a case when fabrication such as rolling is applied 
in a cold state, since the workability becomes poor if 
inter-metallic compounds are excessive, the precipitation 
amount can not be increased so much. Further, since Ni, Cu 
and Co are austenizing alloys and the damping performance of 
the austenitic phase is extremely low, it is necessary for a 
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countermeasure to prevent austenization by using other 
f erritizing elements . 

Reason for defining the composition of the alloy 
according to this invention is to be described below. 

(1) C: 0.1 - 0.002% 

C is an element of enhancing the damping performance as 
the content is smaller, whereas increasing the mechanical 
strength as the content is larger. However, below 0.002% as 
the lower limit, it is difficult to be manufactured and gives 
economical disadvantages. While on the other hand, above 0.1% 
as the upper limit, since it gives an undesired effect on the 
damping performance, C is defined as within a range from 0.1 
to 0.002%. 

(2) N: 7% or less, Cu: 5% or less and Co: 4% or less 

They are important elements of forming inter-metallic 
compounds with Al and Ti and enhancing the mechanical strength. 
However, since all the elements are austenizing elements and 
the damping performance of the austenitic phase is extremely 
low, the upper limit for them are defined as 7.0% for Ni, 5.0% 
for Cu since it also gives undesired effect on the workability, 
4.0% for Co since it is expensive. Further, when two or more 
of them are 8.0% or more, the damping performance is lowered 
and the workability is worsened . Below 0 . 5% as the lower limit , 
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an effect of enhancing the mechanical strength is small. 

(3) Al and Ti: 0.3 - 4% 

They are important elements forming inter-metallic 
compounds with Ni, Cu, Co to enhance the mechanical strength 
and also ferritizing elements having an effect of enhancing 
the damping performance. However, when one or two of them is 
4.0% or more, the workability is worsened, whereas and the 
above-mentioned effect is reduced at 0.3% as the lower limit . 

(4) Cr: 25 - 5% 

Cr is a ferritizing element and has a large effect of 
enhancing the damping performance and the corrosion resistance. 
However, since 25.0% or more of Cr results in difficulty in 
the manufacturing step such as in view of workability, the upper 
limit is defined as 25%. Since the above-mentioned effect is 
reduced below 5.0% or less of Cr, the lower limit is defined 
as 5-0%. 

(5) Mo: 10% or less and Si: 3% or less, and 1 to 12% in total 

They are ferritizing elements and have a large effect 
of enhancing the damping performance. Further, Mo has an 
effect of improving the corrosion resistance and Si has an 
effect as a deoxidizer. Since the workability is worsened if 
one or the total of two for 10.0% or less of Mo and 3.0% or 
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less of Si is 12.0% or more, the upper limit is defined as 12%. 
Since the above-mentioned effect is reduced when the total is 
0.1% or less, the lower limit is defined as 0.1%. 

(6) O: 0.0005 - 0.03% and N; 0.0002 - 0.03% 

Since the damping performance is lowered extremely when 
the amount of them is large, the upper limit for each of them 
is defined as 0 . 03 % . A difficulty results in view of production 
causing economical disadvantages when O is below the lower 
limit of 0.0005% and N is below the lower limit of 0.0002%. 

(7) Mn: 1.5% or less, W: 7% or less, V: 7% or less, Nb: 1% or 
less, Ta: 1% or less, Zr: 0.5% or less, Hf: 0.5 or less, B: 
0.5% or less and Total: 0.01 - 7% 

Mn is an austenizing element and has an effect as a 
deoxidizer although reducing the damping performance. Then, 
when it is above the upper limit of 1.5%, it gives undesired 
effect on the damping performance. Elements of W, V, Nb, Ta, 
Zr, Hf and B are ferritizing element and increase the damping 
performance and the mechanical strength. Further, Nb, Zr and 
B have an effect of reducing the crystal grain size. However, 
if one or more of them is 7.0% or more, it result in undesired 
effect such as lowering of the damping performance and 
worsening of the workability, so that the upper limit is defined 
as 7%. Below the lower limit of 0.01%, the effect is 
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insignificant . 

Then, a method of manufacturing an alloy according to 
this invention is to be described. At first, after melting 
an alloy of the compositional range described above in air, 
in an inert gas or in vacuum by a usual melting furnace into 
a homogeneous molten alloy, it is cast into a sand mold or a 
metal mold to prepare a cast ingot. Upon melting, usual fluxes 
as an air shutting material or a deoxidizing agent in an amount 
of about 0.5% for the entire amount may be used. 

Then, the cast ingot is applied with working such as 
forging, rolling, extrusion, swaging, drawing or pressing. 
Since the fabrication such as forging, rolling, extrusion, 
swaging, drawing and pressing are means for forming into a 
predetermined shape, they may be saved depending on the case 
and the ingot may also be used as cast. Then, the following 
heat treatment is applied to the cast ingot. 

(A) Heating at a temperature of 800 to 1200*'C for 5 to 
600 min, then cooling down to 650 to 1200°C and then cooling 
from the temperature down to a temperature of SOO'^C or lower 
at a rate of SC^C/hr or more. 

(B) Succeeding to the step (A), heating again at a 
temperature from 350 to 650°C for 5 to 1200 min, followed by 
quenching or gradual cooling. 

In the step (A) the alloy is heated at 800 to 1200°C for 
5 to 600 min, then cooled down to 650 to 1200°C and then cooled 
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down to 300*^0 or lower at a rate of SO^'C/hr, in order for 
controlling the precipitation amount of inter-metallic 
compounds to control the hardness after homogenization of alloy, 
removal of work strain and control for the crystal grains. 
Further, cooling to 300''C or lower is applied because 
precipitation of inter-metallic compound does not occur below 
this temperature. 

In the step (B), the alloy is re-heated at 350 to GSO^'C 
for 5 to 1200 min (preferably, 30 min or more) in order for 
promoting the precipitation of the inter-metallic compounds 
to further increase the hardness. 

Examples of the alloy according to this invention will 
be explained together with comparative examples. 

Starting materials for obtaining specimens were melted 
in vacuum by a radio frequency electric furnace, cast into a 
casting mold to obtain a cast ingot of 25 mmtj). Then, the cast 
ingot was forged to a thickness of 10 mm at a temperature of 
lOOO^'C and then rolled into a plate of 1.5 mm thickness by hot 
and cold rolling. The damping performance Q'^ was measured by 
a cantilever beam method, and the hardness Hv was determined 
by a micro Vickers hardness gage and the tensile strength ot 
was determined by a tensile test. 

( Example ) 

Compositions for test specimens No. 1 - 6 as examples 
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of the alloys according to this invention and specimens 7 to 
9 as comparative example alloys are shown by weight ratio (%) 
in Table 1 . 



[Table 1] 



\Com posit ion 

Speclme^N. 
No \^ 


C 


Ni 


Cu 


Co 


Al 


Ti 


Cr 


Mo 


Si 


0 


N 


Mn 


W.V.NbJs. 
Zr.Hf.B 


Fe 




1 


0.006 


2.00 


2.64 




0.07 


0.10 


15.39 


2.89 


0.98 


0.0022 


0.0027 


0.02 




Balance 




2 


0.008 


3.13 




1.06 


1.26 




12.34 


3.35 


0.74 


0.0019 


0.0055 


0.10 


W-0.51 
V-0.14 


Balance 


ted alby 


3 


0.007 


2.56 


2.34 




1.35 


0.15 


13.27 


3.42 


1.22 


0.0014 


0.0035 


0.01 


Nb-0.17 
Ta-0.03 


Balance 


c 


4 


0.008 


3.05 


2.44 




1.29 


0.36 


10.36 


3.02 


1.46 


0.0015 


0.0039 


0.34 


Zr-0.39 
Hf-0.04 


Balance 




5 


0.004 


3.13 


3.18 




1.35 




15.27 


4.17 


1.17 


0.0017 


0.0070 


0.02 


B - 0.03 


Balance 




6 


0.009 


4.61 


2.86 




2.12 




15.33 


4.09 


2.04 


0.0021 


0.0040 


0.02 




Balance 




7 


0.008 








1.51 


0.10 


12.27 




0.22 


0.002 


0.004 


0.09 




Balance 


alby 


8 


0.013 


0.05 




0.04 


0.05 


0.30 


10.18 


2.91 


0.31 


0.003 


0.009 


0.10 




Balance 


c3 


9 


0,010 


0.10 


0,73 


3.55 


0.04 




19.90 


1.82 


0.91 


0.002 


0.009 


0.21 




Balance 



[Table 2] 



— Characteristic 

Specimen^""" 

No. — 


(x 10-') 


Vickers hardness 
Hv 


Invented alloy 


1 


62 


277 


2 


60 


290 


3 


75 


304 


4 


32 


350 


5 


52 


340 


6 


22 


434 


Comparative alloy 


7 


59 


140 


8 


80 


158 


9 


50 


180 
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[Table 3] 



Hp^5tinn 


r^nnlinn 


Voi \X \\J ) 


V lOfNCl O 


temperature (°C) 


condition 




hardness Hv 


800 


FC 


2 


371 


850 


AQ 


4 


304 


900 


FC 


4 


389 


900 


AQ 


42 


316 


950 


AQ 


53 


334 


1000 


FC 


57 


359 


1000 


AQ 


52 


340 



Table 2 shows the damping performance Q"^ and Vickers 
hardness Hv for Specimen Nos . 1 to 6 of the examples and Specimen 
Nos - 7 to 9 of the comparative examples in a case of heating 
at lOOC^C for 1 hour and then cooling in the air. The alloys 
according to this invention are extremely harder showing 
Vickers hardness Hv of 277 to 434, as compared with 140 to 180 
of the comparative alloys, and it can be seen that alloys are 
strengthened by precipitating inter-metallic compounds (Ni, 
Cu, Co)3(Al, Ti) in the ferritic phase. 

when the size of the crystal grains or the precipitation 
amounts of the inter-metallic compounds change, the 
characteristics of the alloy according to this invention also 
change. Table 3 shows the effects of heating temperature and 
cooling rate on the damping performance Q"^ and the micro Vickers 
hardness Hv. Heat treatment was applied by heating for 1 hour 
at each temperature and then cooling in a furnace (simply 
referred to as FC, average cooling rate 100°C/hr) or by cooling 
in the air (simply referred to as AQ, average cooling rate 
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15000*'C/hr) for each of them. While the damping performance 
tends to increase as the heating temperature is higher. 
However, since the crystal grains are excessively grown to 
cause disadvantage and it sometimes brings about a difficulty 
in view of production if the heating temperature is excessively 
high, it is desirably to set from 900 to 1100*^C. Further, the 
Vickers hardness Hv is higher in the case of furnace cooling 
than in the case of air cooling since the precipitation amount 
of the inter-metallic compounds increases. 

Further, the characteristic of the alloy according to 
this invention depends on the cooling start temperature after 
heating - 

Table 4 shows the effect of the cooling start temperature 
in a case where the specimen No. 5 of the example was cooled 
to a temperature shown in the table after heating at lOOO'^C 
for 1 hour and then cooled in the air. While the Vickers 
hardness Hv and the tensile strength at are lowered as the 
cooling start temperature is lower, they are still considerably 
high. 

The Vickers hardness Hv of the alloy according to this 
invention can be further increased by cooling and then 
reheating at low temperature to increase the precipitation 
amount of the inter-metallic compounds. 

Table 5 shows a case where the Specimen No. 5 of the 
example was heated at each temperature shown in the Table for 
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1 hour, cooled from each temperature described therein in the 
air and then re-heated at 480°C for 2 hours. In each of the 
cases, the Vickers hardness Hv is increased considerably by 
re-heating. However, since the tensile strength at is 
considerably reduced at the cooling start temperature of 750°C, 
the temperature near the above-mentioned level is not so 
desirable for a case requiring large tensile strength. 



[Table 4] 



Heating 
temperature (°C) 


Cooling start 
temperature {°C) 


(x 10-3) 


Vickers 
hardness Hv 


ot (kg/mm^) 


1000 


850 


58 


320 


92.4 


1000 


800 


53 


311 




1000 


750 


77 


273 




1000 


700 


75 


281 


70.4 



[Table 5] 



Heating 


Cooling start 


Re-lieating 


Q-^ (x 10-3) 


Vickers 


at 


temperature 


temperature 


temperature 


hardness Hv 


(kg/mm^) 


(°C) 


rc) 


(°C). hr 






950 


950 


480, 2 


34 


369 


96.0 


1000 


1000 


480, 2 


34 


371 


97.4 


1000 


800 


480. 2 


40 


379 


92.6 


1000 


750 


490. 2 


55 


416 


62.0 



(Effect of the Invention) 

The feature of the alloy according to this invention 
resides in having high damping performance and extremely higher 
hardness and mechanical strength, and having favorable cold 
workability compared with existent vibration absorbing alloys . 
Accordingly, the alloy according to this invention can be used 
as members and anti-friction materials used under high stress. 
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for example, in various kinds of large-scaled machines , traffic 
vehicles, electronic equipments, precision machines, home 
electric appliances and business machines, and is highly 
suitable as materials for serving to prevent vibrations, noisy 
sounds and noises. 
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Amendment 



February 9, 19 90 
To Director general (Patent office) Fumitake Yoshida 

1. Indication of the Case 

Patent Application No. 139236/1989 

2. Title of the Invention 

Adsorbing alloy having high hardness and high damping 
performance, as well as manufacturing method thereof 

3. Person for undertaking amendment 

Relation with the case: Patent Applicant 
Juridical Foundation: Electric Magnetic Institute 

4 . Proxi 

Address: 2-4, Kasumigaseki 3-chome, Chiyoda ku, Tokyo 

Kazan Building 7F Tel (581)2241 (General) 
Name: (5925) Patent Attorney Akihide Sugimura 

Addres s : Jitto 

Name: (7 205) Patent Attorney Kosaku Sugimura 

5. Object of Amendment 

Column for "Scope of the Claim for Patent" in the 
specification 

6. Content of Amendment (as per the appended sheet) 

( 1 ) Amend the scope of the Claim for Patent in the specification 
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as described below: 



"2. Scope of the Claim for Patent 

1- A shock absorbing alloy comprising, by weight ratio, 0.5 

- 8.0% of one or more of 0.002 - 0.1% of C, 7.0% or less of 
Ni, 5.0% or less of Cu and 4.0% or less of Co, 0.3 - 4.0% of 
one or more of 4.0% or less of Al, Ti, 5.0 - 25.0% of Cr, 0.1 
to 12.0% of one or more of 10.0% or less of Mo and 

3.0% or less of Si, 0 .0005 - 0.03% of 0.0002 - 0.03% 
of N, and the balance of Fe and inevitable impurities, in which 
inter-metal compounds are precipitated in a ferritic phase, 
thereby providing high hardness and high damping performance. 

2. A shock absorbing alloy comprising, by weight ratio, 0.5 

- 8.0% of one or more of 0 . 002 - 0 . 1% of C, 7.0% or less of 
Ni, 5.0% or less of Cu and 4.0% or less of Co, 0.3 - 4.0% of 
one or more of 4.0% or less of Al, Ti, 5.0 - 25.0% of Cr, 0.1 
to 12.0% of one or more of 10.0% or less of Mo and 3.0% or less 
of Si, 0.0005 - 0. 03% of O, 0.0002 - 0.03% of N, 0-01 - 7% in 
total of one or more of 1.5% or less of Mn, 7.0% of less of 
W, V, 1.0% or less of Nb, Ta, 0.5% or less of Zr, Hf, B and 
the balance of Fe and inevitable impurities, in which 
inter-metal compounds are precipitated in a ferritic phase, 
thereby providing high hardness and high damping performance. 

3 . A method of manufacturing a shock absorbing alloy in 
which an alloy comprising, by weight ratio, 0.5 - 8.0% of one 
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or more of 0.002 - 0. 1% of C, 7.0% or less of Ni, 5.0% or less 
of Cu and 4.0% or less of Co, 0.3 - 4.0% of one or more of 4.0% 
or less of Al, Ti, 5.0 - 25.0% of Cr, 0.1 to 12.0% of one or 
more of 10.0% or less of Mo and 3.0% or less of Si, 0.0005 - 
0.03% of 0.0002 - 0.03% of and the balance of Fe and 
inevitable impurities, is subjected to: 

(A) heating at a temperature of 800 to 1200''C for 5 to 
600 min, then cooling down to 650 to 1200''C and cooling from 
the temperature down to a temperature of 3 00°C or lower at a 
rate of SO^'C/hr or more, thereby precipitating inter-metallic 
compounds in a ferrite phase to obtain an alloy having a high 
hardness and high damping performance. 

4 • A method of manufacturing a shock absorbing alloy, in 
Which an al.lov comprising^ by weight r a tio. 0.5 - 8.0% of onf::^ 
or more of 0,002 - 0. 1% of C. 7.0% or Irss o f ^i, 5.Q% or l^as 
of Cu and 4.0% or less of Co, 0,3 - 4.0% of one or mnr-f- of 4.0% 
or less of Al > Ti, 5,0 - 25.0% of Cr, 0.1 tio 12.0% of one ot- 
more of 10.0% or less of Mo and 3.0% o r leaf? of si, Q.QQQS - 
Q.Q3% Qf 0. 0.0002 - 0.03% of N and the b alance of Fe ;:^nH 
inevitable impuriti es, is subjected to: 

(A^ heating at a tf:^mpf:>r a ture of 80Q to 12QQ^C for 5 to 
6QQ min, then cooling down to 650 to 12Q Q°C and cooling from 
the temperature down to a temperature of 2Q0°c or lower at a 
rat e of 5Q^C/hr or more and then 

X£-) heating at a temperature froin 3 50 to 65Q°C for 5 fo 
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1 2QQ m i n fo l lowed bv q uenching or by gradual nnnlinry. ^h<:^T-^)^y 
Preci oitatina inter-met-a 1 1 i n compoun d s in a ferrit-*^ phast^ t-n 
Obta i n an allov having a high hardnf^ss and high damping 
performance. 

5 . A method of manufacturing a shock abs o rbing allny^ in 
which an allov comprising, by w e ight: ratio. n.S - R.n^ of 0^ *^ 
or more of 0,QQ?. - 0.1% of c. 7.0% o r i^.s?^ of Ni . s.n% or ipss 

of Cu and 4.0% or less of Co. 0 .3 - 4.0% of on<:> or morf> of 4.0% 
or l ess of A l . T i. 5 . 0 - 2 5 . 0% of Cr . O.l to 17.0% of nn^ or 
more o£ I Q .0% or less of M o and 3.0% or If^ss of si. n.ooos - 
Q.Q3% of Q. 0.0002 - 0.03% of N and thf^ ba lance of ^r^ri 
inevitable impurities, is subjected to; 

(h) heat i n g at a temper ature of 800 to T200°c for s to 
6QQ min, then cooling down to 650 to i? oq°c and cooling fr-on^ 
the tem perature do w n to a t emperature of 300°r or low^r at a 
rate of 50°C/hr or more and then 

(B) heating at a temperature from 3 50 to fi50°C for S to 
12 QQ m i n followed bv quenching or bv gradual cooling, thereby 
precipitating i nter-metall i c compounds in a ferrite p hase to 
obta i n an allov having a high hardne s s and high damping 
performance. 

A method of manuf acttiri na a shock abso rbing alloy, in 

Wh i ch fan allov comprising, by weight ratio . 0.5 - fl.0% of one 
or more of Q.OO? - 0.1% of C. 7.0% or less of Ni . 5.0% or less 
Of Cu and 4.0% or less of Co. 0.3 - 4.0% of o ne or more of 4.0% 
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or less of Al . Ti. 5.0 - ?S.n% n f Cr. n.T to 1?.n% of ont^ or 
more of 10.0% or less of Mo and 3.0% or less of si. n.nnns - 
0.03% of 0. 0.0002 - 0.03% of N, 0.01 - 7% in i-.ntal nf one or 
more of 1.5% or less of Mn . 7.0% of less of w. v. 1.0% or If^ss 
of Nb. Ta. 0.5% or less of Zr. Hf. B and t: he balance of Fe and 
inevitable impurit-ie s. is subjected t.o : 

(A) heating at a temperature of 800 to i:?00°r! for 5 to 
600 min. then cooling down to 6 50 to 1700°C and cooling from 
the temperature down to a tem perature of 30Q°C or lower at a 
rate of 50°C/hr or more and then 

(B) heating at a temperature from 350 to fi50°C for 5 to 
1200 min followed by quenching or by gradual cooling, thereby 
precipitating inter-metallic compounds in a ferrite phase to 

obtain an alloy having a high hardnes s and high damping 

performance. " 
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2. Descriptions from page 9, line 2 to page 10, line 3 of the 
specification are to be corrected as below. 

"4. A method of manufacturing a shock absorbing alloy, in 
which an alloy comprising, by weight ratio, 0.5 - 8.0% of one 
or more of 0.002 - 0. 1% of C, 7.0% or less of Ni, 5.0% or less 
of Cu and 4.0% or less of Co, 0.3 - 4.0% of one or more of 4.0% 
or less of Al, Ti, 5.0 - 25.0% of Cr, 0.1 to 12.0% of one or 
more of 10.0% or less of Mo and 3.0% or less of Si, 0.0005 - 
0.03% of O, 0.0002 - 0,03% of N and the balance of Fe and 
inevitable impurities, is subjected to: 

(A) heating at a temperature of 800 to 1200°C for 5 to 
600 min, then cooling down to 650 to 1200^C and cooling from 
the temperature down to a temperature of 3 0 0°C or lower at a 
rate of 50°C/hr or more and then 

(B) heating at a temperature from 350 to 650''C for 5 to 
1200 min followed by quenching or by gradual cooling, thereby 
precipitating inter-metallic compounds in a ferrite phase to 
obtain an alloy having a high hardness and high damping 
performance . 

5. A method of manufacturing a shock absorbing alloy, in 
which an alloy comprising, by weight ratio, 0.5 - 8.0% of one 
or more of 0.002 - 0. 1% of C, 7.0% or less of Ni, 5.0% or less 
of Cu and 4.0% or less of Co, 0.3 - 4.0% of one or more of 4.0% 
or less of Al, Ti, 5.0 - 25.0% of Cr, 0.1 to 12.0% of one or 
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more of 10.0% or less of Mo and 3.0% or less of Si, 0.0005 - 
0.03% of O, 0.0002 - 0.03% of N and the balance of Fe and 
inevitable impurities, is subjected to: 

(A) heating at a temperature of 800 to 1200''C for 5 to 
600 min, then cooling down to 650 to 1200*'C and cooling from 
the temperature down to a temperature of SOO^'C or lower at a 
rate of 50°C/hr or more and then 

(B) heating at a temperature from 350 to 650°C for 5 to 
1200 min followed by quenching or by gradual cooling, thereby 
precipitating inter-metallic compounds in a ferrite phase to 
obtain an alloy having a high hardness and high damping 
performance . 

6. A method of manufacturing a shock absorbing alloy, in 
which an alloy comprising, by weight ratio, 0.5 - 8.0% of one 
or more of 0.002 - 0.1% of C, 7.0% or less of Ni, 5.0% or less 
of Cu and 4.0% or less of Co, 0.3 - 4.0% of one or more of 4.0% 
or less of Al, Ti, 5.0 - 25.0% of Cr, 0.1 to 12.0% of one or 
more of 10.0% or less of Mo and 3.0% or less of Si, 0.0005 - 
0.03% of O, 0. 0002 - 0.03% of N, 0.01 - 7% in total of one or 
more of 1.5% or less of Mn, 7.0% of less of W, V, 1.0% or less 
of Nb, Ta, 0.5% or less of Zr, Hf, B and the balance of Fe and 
inevitable impurities, is subjected to: 

(A) heating at a temperature of 800 to 1200''C for 5 to 
600 min, then cooling down to 650 to 1200''C and cooling from 
the temperature down to a temperature of 3 00''C or lower at a 
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rate of 50°C/hr or more and then 

(B) heating at a temperature from 350 to 650°C for 5 to 
1200 min followed by quenching or by gradual cooling, thereby 
precipitating inter-metallic compounds in a ferrite phase to 
obtain an alloy having a high hardness and high damping 
performance . " 
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